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INTRODUCTION. 


Experiments made at American University by the Bureau of 
Entomology of the United States Department of Agriculture, in 
cooperation with the Chemical Warfare Service of the United States 
War Department, on the action of certain toxic gases upon the 
body louse (Pediculus corporis De G.) indicated that further inves- 
tigation with other msects might be profitable, especially since very 
little work had been done with respect to their action on insects,! 
fungi, and seeds. Accordingly a committee ? was appointed to plan 
a series of experiments to determine the value of these gases for 
fumigating purposes. 

The gases of war value and the apparatus used at American 
University were obtained through the courtesy of the Chemical War- 
fare Service. The collection and rearing of the insects and observa- 

1 Bertrand, Brocq-Rousseau and Dassonville (Compt. rend., 169 (1919): 441, 880, 1059, 1061, 1428) have 
conducted some experiments with chloropicrin on bedbugs and charancon (weevils); Moore (J. Econ. 
Entomol., 11 (1918): 357) has done some work with chloropicrin against bean weevil (Bruchus obtectus Say.), 
Angoumois grain moth (Sitotroga cerealelia Oliv.), Indian meal moth (Plodia interpunctella Hbn.), 
Mediterranean flour moth (Ephestia kuehniella Zell.), and confused fiour beetle ( Tribolium confusum 
Duval), as well as (J. Lab. Clin. Med., 3 (1918): 267) for fumigating clothing for the destruction of the 
clothes louse (Pediculus corporis [vestimenti]). Moore and Graham (J. Agr. Research, 12, No. 9 (1918): 
579) tested the action of chloropicrin on potato beetle eggs (Leptinotarsa decemlineata Say.). 


2 This committee consisted of R. H. Hutchison and E. A. Back, of the Bureau of Entomology, FE. R. 
Sasscer, of the Federal Horticultural Board, and I, E, Neifert, of the Bureau of Chemistry. 
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tions upon them were performed by G. L. Garrison. The germination 
tests were made by W. L. Goss, of the Seed-Testing Laboratory of the 
Bureau of Plant Industry, and the fungicidal results were determined 
by J. Monteith, jr., and H. F. Bain, of the Federal Horticultural 
Board, and C. C. Thomas, of the Bureau of Plant Industry. 


EXPERIMENTAL WORK. 
GENERAL PROCEDURE. 


Nearly 800 fumigations, in which 20,000 insects of about 15 different 
species were fumigated, were made. The following were fumigated 
in smali glass cylinders, both ends of which were covered by cloth 
held in place by rubber bands: Ants (Tetramorium caespitum Fab., 
Monomorium minimum Buckley, Monomorium pharaonis L., Lasius 
niger L., var. americanus Emery); bedbugs (Comex lectularius L.); 
bedbug eggs; potato beetles (Leptinotarsa decemlineata Say and 
Epitric cucumeris Harris); flat grain beetles (Laemophlaeus minutus 
Oliv.); sawtooth grain beetles (Silvanus surinamensis L.); grain 
borers (Rhizopertha dominica Fab.); flies (Phormia regina Meig., 
Calliphora vomitoria L., Musca domestica L., Stomoxys calcitrans L., 
Chrysomyva macellaria Fab., and Lucilia sericata Meig.); roaches 
(Blattella germanica L.); roach egg pods; flour weevils (Tribolium 
ferrugineum Fab.); and rice weevils (Calandra oryzae L.). The fol- 
lowing insects were fumigated on their hosts: Aphids (M/yzus persicae 
Sulz.); white fly (Aleyrodes vaporarwrum Westw.); Phyllostachys 
bamboo mite (Tarsonemus sp.); and red spider (Tetranychus bimacu- 
latus Harvey). : 

Checks were kept on all insects, and no results are given for insects 
whose check showed any dead. The observations were begun when 
the insects were removed from the fumigatorium, and continued up 
to the time the percentage of dead became constant for any two 
successive days. The checks and treated insects were kept under 
the same conditions until the final observation was made. All of 
the insects, except ants, aphids, red spiders, and white flies, were 
held in the container in which they were fumigated. The bedbug 
eggs were fumigated and kept in chiffon-covered pill boxes, in which 
the eggs had been deposited. After fumigation the ants were re- 
moved to tumblers containing moist sand. Having been fumigated 
on their hosts, aphids, red spiders, and white flies were transferred 
to glass tumblers containing moist sand and fresh uninfested material. 
Roach egg pods were handled in the same manner as ants. 

The following fungi were treated: Fusarium, Ascochyta, Peni- 
cillium, Colletotrichum, and Sclerotium. In some cases_ these 
fungi were placed on a petri dish in a drop; in others, sterilized seeds 
were inoculated by a spore suspension, and exposed in the same man- 
ner as the insects. 
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The apparatus used to maintain concentration and humidity con- 
sisted of a gas flow meter and a gas-air flow meter, both calibrated 
so that the exact amount of gas and gas air flowing at any one time 
was known, and could be maintained throughout the experiment. 
The flow of gas-air mixture was kept at approximately normal 
atmospheric pressure by having the inflowing air withdrawn as fast 
as it entered. The blast and suction were kept constant by pressure 
and suction regulators in the form of heads of water through which 
the excess air was allowed to bubble. The gases of fairly high vapor 
pressure (those whose pressure was sufficiently great to force them 
through the gas flow meter) were kept in small steel cylinders. 

In order to follow the air through the apparatus and to make 
more clear the production of a given concentration of a definite 
humidity, it will be necessary to trace the air from the blast cock 
through the apparatus. First, the air was passed over the pressure 
regulator, then into three bottles of sulphuric acid solution haying 
a density which would produce the humidity desired. From there 
it was forced through glass wool to take up any acid spray; thence 
to the mixing chamber, where it was joined by the gas. The mixture 
passed through a calibrated flow meter and into the fumigation jar, 
which was connected with the suction lne that drew off the air and 
caused the concentration to rise to the desired strength of gas air; 
that is, the suction line took care of all of the excess gas air. 

The valve on the gas cylinder being open, the gas pressure was 
kept constant by a head of liquid, and the gas was forced through 
a calibrated flow meter into the mixing chamber. As the humidity 
of the blast varied from day to day, an arbitrary humidity (40 per 
cent relative, which is common in Washington) was adopted. 

In most of the experiments a 5-liter jar constituted the fumiga- 
tion chamber. Inasmuch as the rate of flow of gas air was about 
two liters per minute, and the minimum exposure was seven minutes, 
ample time was allowed for the change from air to gas air of the 
proper concentration. . 

In the case of chloropicrin (which has a low vapor pressure), 
it was necessary to draw the air through the fumigant for the high 
concentration. For lower concentrations only part of the air was 
drawn through and the rest by-passed, and then both reunited as 
they entered the line to the gas-air flow meters. 

The exact concentration of gas was usually determined by absorp- 
tion in alkaline solution. The details for the concentration deter- 
mination for each gas are given under the heading of that gas. 

The following gases were investigated: Phosgene, cyanogen 
chlorid, arsine, chloropicrin, illuminating gas, carbon monoxid, 
and hydrocyanic acid. ‘The last, which is a standard fumigant 
against many insects, was used for comparison. 
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PHOSGENE. 


Phosgene, or carbonyl chlorid (COCl,), molecular weight 98.92, 
has a liquid density, at 20° C. under its own pressure, of 1.38. Its 
boiling point is 8.2°C. The vapor pressure at 20° C. is 1,216 mm. of 
mercury. Itis corrosive to metals and a decolorizer. It is extremely 
toxic to human beings, and is rather difficult to handle and control. 

The concentration of the gas-air mixture was determined by 
allowing the gas air to pass into a solution of 5 per cent alcoholic 
sodium hydroxid solution for one minute, then neutralizing with 
acetic acid and titrating with N/10 silver nitrate. Concentrations 
of from 0.5 to 4 per cent and exposures for from seven minutes to 
two hours were tried. The minimum lethal dose of phosgene, with 
the minimum time to kill, as compared with that of hydrocyanic 
acid, is given in Table 1. 


TABLE |.— Relative insecticidal action of phosgene and hydrocyanic acid. 


Phosgene (100 per cent lethal). Set neaenees per cent 


Insects. 
Con- | Time | Tem- | Rela- | Con- | Time | Tem- } Rela- 
centra-| ofex- | pera- |tivehu-] centra-| ofex- | pera- {tive hu- 


tion. |posure.| ture. |midity.| tion. | posure.| ture. |midity. 
Ants (Monomorium minimum Buck- 
ley, Lasius niger L., var. ameri- | P. ct. Min. min IPNGiz Min. SE! 
CONUSMEIMELY) ese atoeee cee eee see 0.5 30 19 DOM Ee SE So EN | AS Wee eae yer a ee = 
Ants ( Tetramorium caespitum Fab.) -|....---- [a Meee an Otic | ea SN 0.2 30 25 40 
Aphids (Myzus persicae Sulz)..-...-- 1.0 | 30 | 31 40 2 60 24 40 
Bedbugs ( Cimez lectularius L. ua Puls Dt 20 120 26 40 250 30 27 40 
Bedbug (Cimex lectularius L.) eggs... 2.0 120 24 ADH s. 22 a See eee acc a ae 
Be -etles, Colorado potato (Leptino- | 

tarsa decemlineata Say)...........--- 4.0 | 120 30 40 5 15 30 40 
Beetle, Colorado potato (Leptinotarsa 

d2cemlineata Say) larve ...-........ 4.0 120 30 40 5 15 30 40 
Beotles, Flat grain (Laemophlacus 

HOCROTOES. CUENR))s5 donee aéucceucceeos= 1.0 120 | 29 40 1.0 60 26 40 
Beetles, Potato flea ( Epitrix cucumeris 

ELATBIS) sasticiericise oe Sans oecaee eee 1.0 60 30 40 5 7 27 40 
Beetles, Sawtooth grain (Silvanus | 

SUMPLENLCTUSES Hae) eae eee ee 1.0 120 | 28 40 1.0 30 28 40 
Borers, Grain (Rhizopertha dominica_ 

MAD core set eee ate ok ea ae 2.0 60 29 40| 1.0 30 30 40 
ad THATS les Dane Wa Pp Gabe eal ie A agen OU ne 8 2.5 26 40 3.1 37 23) 40 
Bl yslanyce eset ceed a nee ape eee 53.0 120 | 26 40 Sal 30 25 49 
Fly, White (A leyrodes vaporariorum | 

Wi CSTW) Bas eee tices ae ene I 1.0 30 22 40 3.1 37 30 40 
Lice, Body (Pediculus corporis Deg.) 

(CRASS, ia ee eae eR Me 63.0 120 23 40!) ster ss|ec hones eee eee 
Mite, Phyllostachys bamboo (Tar- 

SOMEIMUSISD 9) eee eee eee eee 1 30 25 40 a2 60 24 40 
Roaches (Blzttella germanica L.)}....-.- 15 120 27 40 57 15 25 40 
Roach (Bilattella germanica L.) egg | 

BOGS: ASL Rte an ee eee ae ween 3.0 120 30 AOU ee coe es eeeacel Sousa | eee 
Spiders, Red ( Tetranychus bimacu- 

latvusrElargey) eee eee eee eee a) 60 31 40 o2 30 | 23 40 
Weevils, Flour (TVribolium ferrugi- 

TCWG Babee. coos ees eee 74.0 120 23| 40 1.0 30|.. 38 40 

4.0 120 26 49 4.0 120 | 28 40 


Weevils, Rice ( Calandra oryzae sas ‘ 
| | 


1 Musca domestica L.; Calliphora vomitori1 L.; Muscina stabulans Fall. 


2 Equal to or less than but not more than. 5 90 per cent killed. 
3 Not minimum lethal treatment. 6 90.6 per cent killed. 
4 Muscina stabulans Fall. 786 per cent killed. 


The results in Table 1 show that in every case phosgene is less 
effective as an insecticide than hydrocyanic acid. 
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Several varieties of seeds were fumigated with phosgene in the 
higher concentrations, the results of which are shown in Table 2 


TABLE 2.— Effect of phosgene on seed germination. 


Germination. 


Exposed 
for 120 
Exposed for 30 min-| minutes 
utes(temp.,27°C.; (temp., 


5 relative humid-| 27° C.; 
Kind of seed. ity, 40). relative 
Check. humidity, 
40). 

2 per cent | 3 percent | 3 percent 
concen- | concen- | concen- 
tration. | tration. | tration. 

Per cent.| Per cent. | Per cent. | Per cent. 
ATIREINBS) STD MRI ERay eI Sees ceo es OS weasel ec PRA ee 81.5 78.5 72.0 82.0 
(Corio, IDerasneas labios 65 soa s5socceubeuecesecanodsesoeseuse 82.5 71.0 69.5 75.0 
Clover Crimsonatoe sau ak el a Gee ie a ae 2 elt 44.0 42.0 30.5 46.5 
Grass, ‘Orchard Pir idees tine Get sh easy ai aa rie Bt ANP gs oad nage att Me el epee Oa 42.5 49.0 Stee 46.5 
Lettuce, Sa) aaa aan cere eek aia aie ane ia ea SNE rl anes 86.5 79.0 66.5 70.5 
NTC ERT KGStameee en ene AIM ne Migs San NEU 59.5 61.5 45.5 19.0 
Muskmelon, VoCksye BOL Geert o it netstat Wa de a Sta 63.5 51.0 3.5 0.0 
Onion, astrahiamibrowner cise h wie Vib m oes heer 52.0 54.5 33.0 51.5 
Radish, EWG Opel C1 Gait a eee ere tt ON Reta Pe oe a 95. 0 91.5 90. 0 93.0 
Wheat, SUI SS TET eee IRI Ty ins ook eA ee 48.5 48. 0 40. 0 20.0 


Muskmelon, millet, and wheat were injured the most. The other 
seeds were not materially affected. In a few cases there seemed to 
be some stimulation. 

Phosgene proved useless as a fungicide against Fusarium, Asco- 
chyta, Penicillium, and Colletotrichum. 

Inasmuch as in cents has no advantage over the fumigants now 
in use and is less efficient, it is not recommended. 


ARSINE. 


Arsine, or arseniuretted hydrogen (AsH;), molecular weight 77.98, 
has a liquid density, under its own pressure, of 1.36 at 20° C. Its 
boiling point is—55° C. The vapor pressure is 8,780 mm. of mercury 
at 10° C. 

Arsine is toxic to human beings, and extremely harmful to live 
plants, in which it produces chlorotic conditions. Metals and glass 
when in contact with the gas become coated with a fine, mirrorlike 
deposit of arsenic. 

The gas was generated by dropping water on magnesium arsenid 
and collecting the arsine over saturated sodium chlorid solution. 
The concentration was determined by absorbing the gas in N/100 
iodin solution and titrating with N/100 sodium thiosulphate solution. 

Concentrations of from 0.5 to 3 per cent, and exposures of from 
seven minutes to two hours were used. The minimum lethal dose 
of arsine for certain periods of time, as compared with that of hydro- 
cyanic acid, is given in Table 3. 
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TABLE 3.— Relative insecticidal action of arsine and hydrocyanic acid. 


Arsine (100 per cent lethal). ee ee (100 per cent 


Insects. Con- | Time | Tem- | Rela- | Con- | Time }|'Tem- | Rela- 
centra-| ofex- | pera- |tive hu-| centra-| ofex- | pera- | tive hu- 
tion. |posure.| ture. |midity.| tion. |posure.| ture. |midity. 
Ants (Lasius niger L., var.americanus| P. ct. | Min. Or P. ct.| Min. 2! 

INGA) nee doosonasese egecehecscsse 2.0 60 20 40 10.2 30 25 40 
Aphids (Myzus persicae Sulz.)....-.-- 1.0 60 25 40 2 60 24 40 
Tso oes) (CCUG UGE UMTS Wee oo Sella so oahaclloscesosc|eacscocellescosonc 2.0 30 20 40 
Beetles, Colorado potato ( Leptinotarsa 5 

CECEMUUN COED SAW) renee ea es | eee | Bee | eee .5 15 -30 40 
Beetles, Flat grain (Laemophlaeus mi- 

TUUCUSEO Vie) et cere  ye oeae ay eo 5 60 24 40 1.0 | 60 26 40 
Beetles, Potato flea ( Epitrix cucume- 

TESSELATLIS) eee ee a ee ee ee eae 1.0 60 20 40 5 7 27 40 
Beetles, Sawtooth grain (Silvanus 

SALTUILGNILCTESTS pli) eee ae ee Se = 5 60 25 40 1.0 30 28 40 
Borers, Grain (Rhizopertha dominica 

aD) Bcaass seek ee Sree eee Se a) 15 25 40 1.0 30 30 40 
UGS 22558 at 3 x i 2 een eaten a Be Pek 5) 60 21 40 3.1 Zi 20 40 
BVA Vce eee eee nt eee eee ne e@ 30 25 40 aul 30 25 40 
Fly, White (Aleyrodes vaporariorum 

IVVICS EWE) iin a nr es ecg Cor ee ee 5H) 30 20 40 3.1 7 30 40 
Mite, Phyllostachys bamboo ( Tarson- | 

CTS SDS) eS eee se tke se eee Cree 2.0 60 29 40 22 60 24 40 
Roaches (Blattella germanica L.)....-. 1.0 60 25 40 2 15 25 40 
Roach (Blattella. germanica L.) egg 

DOGS se eerie ic eee aes ee eee 3.0 60} = 25 AQMe so. 8 8.2) S06 ees Been ee eee 
Spiders, Red ( Tetranychus bimacu- 

lotuspEtanvey) esses eee 53.0 120 29 40 2 30 23 | 40 
Weevils, Flour (Tribolium ferrugi- | 

NMEUTU SE Ds) eee eee a ep ene 1.0 60 22 40 1.0 30 34 40 
Weevils, Rice ( Calandra oryzae L.).... 5 60 29 40 4.0 120 28 | 40 


1 Lasius niger L., var. americanus Emery and Tetramorium caespitum Fab. 

2 Mae domestica L.; Stomoxys calcitrans L.; Chrysomyia macellaria Fab.; Lucilia sericata Meig.; Phormia 
regina Meig. 

3 Not minimum lethal treatment. 4 Muscina stabulans Fall. > 99 per cent killed. 


In most cases, longer exposure and higher concentrations were 
necessary in using arsine than in using hydrocyanic acid, two notable 
exceptions being grain borers and rice weevils. Arsine has many 
disadvantages as a fumigant, and can not be recommended for this 


purpose. 
TABLE 4.— Effect of arsine on seed germination. 


| Germination. 


12 per cent! 3 per cent 
concen- | concen- 
x tration tration 
Kind of seed. ore (temp., | (temp., 

5 22 Cs 222.6: 
relative | relative 
humid- | humid- 
ity, 40). | ity, 40). 


Per cent. | Per cent. | Per cent. 
Alfalfa’ Dakota siscse eis ie eee RSs OPE RN. PRP hee ae ee eee 79.5 81.0 76.0 
Barley ss WAMmter sects sate ea ae ae ee aes ea a ere ree tere 82.5 80.5 85.5 
Carrot, Oxheart sete. Oe eis Pee bree REPU ER SER Ly Oh erat wee ee 89.5 76.5 77.5 
Com Miner ssyellow:d ent sto ee 2 aay oe e cee ae ae See nee ee ee 88.5 91.5 88.0 
AE TO] NOD, SKA ISO T tesa oes See arate eee ace i ar a ee 91.5 82.5 84.0 
i EH Ep. OW eye 01 0 A eta gs engin ea ee gE A ee Se ee ee ee ee ooue 88.5 88.5 86.5 
‘DethucesBlack-seededitenmis| baleen ss es ee ee ee eee 76.0 82.0 78.5 
Muskmelon, Burnellis'cem Ossi arn cee ee: Ce eee eee gee eee 79.0 76.0 78.0 
ONTONAPATTS Ea TAI TO eee ee ee ee eee ee 24.5 23.5 31.0 
geo TG HES) aa Kc) (0) (: eee as Rech am ano eka ula ee BONS te Gee Bocas 90.5 97.0 96.5 
Rapes Wiamtbers yoo a SE EG Pe alee ne ee ee eee ee 48.5 50.5 40.5 
Rice; Ma taribume: soo Gee oes oe ee I ala tN ae ee 44.0 54.0 44.0 
Soy bean, Mammoth: yellows 3) 183 eae oe Cee eee ee eee 18.0 24.5 4.5 
ADM OGD yess ok Sys Ae ee AR ee SR “aly ar Sey oe ER ae 74.5 W200 83.5 
Wiheat Crimean: 2) ba AOE Re ESE Pee crite Rime ne gerd peg 85.5 88.0 87.5 


In some instances germination seems to have been stimulated, 
but for the most part the gas had no appreciable effect on the seeds. 
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Inasmuch as the check on soy beans was poor, the results in this 
case mar be ignored. 

Arsine does not prevent the growth of Fusarium, Ascochyta, or 
Colletotrichum exposed to it in concentrations up to and including 
3 per cent for 60 minutes. It is of no value as a fungicide. 

CYANOGEN CHLORID. 


Cyanogen chlorid (CNCl), molecular weight 61.47, has a liquid 
density of 1.186 at 20° C. under its own pressure. Its boiling point 
is 15° C. The vapor pressure at 20° C. is 1,002 mm. of mercury. 
It is colorless, has an odor somewhat similar to that of hydrocyanic 
acid, and produces a violent lachrymosal effect. One volume of 
water dissolves 25 volumes of the gas. Cyanogen chlorid is less 
dangerous to human beings than hydrocyanic acid, because it can 
be detected when present in very low concentrations, while its 
presence in higher concentrations is unbearable because of its lach- 
rymosal effect. Plant life is injuriously affected by cyanogen chlorid. 

The concentration was determined in the same manner as was that of 
phosgene. Concentrations of from 0.1 to 4 per cent and exposures 
of from seven minutes to two hours were tried on insects. Fungi 
and seeds were exposed for longer periods. 

The minimum lethal dose of cyanogen chlorid, as compared with 
that of hydrocyanic acid, is given in Table 5. 


TABLE 5.— Relative insecticidal action of cyanogen chlorid and hydrocyanic acid. 


Cyanogen chlorid (100 per cent | Hydrocyanic acid (100 per cent 
lethal). lethal). Z 


Insects. Con- | Time | Tem- | Rela- | Con- | Time | Tem- | Rela- 
ceutra-| ofex- | pera- |tivehu-| centra-| ofex- | pera- |tive hu- 
tion. |posure.| ture. |midity.| tion. |posure.| ture. |midity. 
IPS (i Min. (6% P.ct. | Min oH 
Ants (Monomorium pharaonis L.)-..-- 0.2 30 26 40 10.2 25 40 
Aphids ( Myzus persicae Suiz.).......- Sal 30 26 40 -2 60 24 40 
Bedbugs ( Cimer lectularius L.)-. 1.0 30 27 40 2.0 30 27 40 
Bedbug Ces lectularius L.) eggs... 1.0 60 28 AQ iS eee sos ee oe cans | Sate coonl eee eee 
Beetle, Colorado potato (Leptino- 
tarsa decemlineata SER 2 BSuGE ese ae 5 30 28 40 5 15 30 40 
Beetle, Colorado potato (Leptinotarsa 
decemlineata Say.) larve.-.--.--.----- 5 15 30 40 5 15 30 40 
Beetles, Flat grain (Laemophilaeus 
TMUNUTUS OUND) cae ane st ce os eins scee 5 120 31 40 1.0 60 26 40 
Beetles, Potatoflea ( Epitriz cucumeris 
HT AELIS) oe eee aac = Ie cia sie nene 5 15 27 40 5 7 27 40 
Beetles, Sawtooth grain (Silvanus sur- 
SNNETILETISIS Ail.) ete owe ae soe once Soe 1.0 60 27 40 1.0 30 28 40 
Borers, Grain (Rhizopertha dominica | 
oh ee ee ee 1.0 60 23 40| 1.0 30 30 40 
WSR eer as cee ce mncices casece siscics | 1 15 25 40 3.1 7 25 40 
Bplyelenvesees ese Se eae es cae cis ce ins 5 15 24 40 of 30 25 40 
Fly White (Aleyrodes vaporariorum 
RSENS aoe 2 7 29 40} 3.1 7 30 40 
Mites | Pee ee bamboo ( Tarson- 
tS eee ae eee ee ee 2 30 29 40 2 60 24 40 
Rosthes (Riatiella germanica L.)....-- 5 30 25 40 2 15 25 40 
Roach (Blattella germanice L.) egg 
OMS eee e eet cae etiat ees wee 2.0 60 23 AD |; Sue c vce scawsces soeetee sl Mocewecs 
Spiders. Red (Tetranychus bimaculatus 
LELERIZON A eae See Oe Sa Se Seeeee Coe 5 15 28 40 2 30 23 40 
Weevils,. Flour ( Tribolium ferrugine- 
TDA DADS ae oc ee Ore Ge eEEeSOeeeoe 2.0 60 24 40 1.0 30 34 40 
Weevils, Rice ( Calandra oryzae L.).. 44.0 120 27 40 4.0 120 28 40 


! Tetramorium SERS Fab., and Lasius niger L., var. americanus Emery. 
2 Musca domestica L. 

3 Not minimum lethal treatment. 

496 per cent killed. 
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The results in Table 5 show that the action of cyanogen chlorid as. 


an insecticide is practically the same as that of hydrocyanic acid. 

A preliminary series of germination tests run on several varieties 
of seeds showed that for the most part but little Injury was done the 
seeds which were exposed to cyanogen chlorid for six hours at 1 per 
cent concentration, or for two hours at 3 per cent concentration. 
Exposure for more than six hours, however, affected injuriously the 


germination quality. 


Consequently, a longer series, with exposures 


not exceeding six hours, was run. The results thus obtained are 


reported in Table 6. 


TABLE 6.— Effect of cyanogen chlorid on seed germination. 


Kind of seed. 


Wiest, ;Atnontikal 2: 2) aN ee ee eee ; 
WiheateKeharkoos .o.20.. 5h ee oe Pe 
Via ree ATO LIS=-ee ss co ee eyes Saree ee Sah 
iuineaieWihite Australian... t.. 27.2 sae) eee eee 


Check. | 


Per cent. 


(S55 


Cr Or 1 orOr1 or Or1S O11 © Or Or Ovo1or 1 O10 O1O © O11 Ot SO CLO N OO Ooo o1o on 


or 


Or 


Germination. 


1 per cent concen- 


tration. 
concen- 


tration, 
1 hour 


concen- 
iy 
1 hour 
_ 3 hours (temp. 
| (temp. 23°C. 
23 (C= 232 € 

relative 
humidity, humidity, 
40; atmos- 40; atmos- 
| pherie | pheric 
| pressure, | pressure, 
| normal). 1 normal). 
| ] 


Telative | relative 
‘humidity, humidity, 
‘40; atmos- 22; atmos- 

pheric pheric 
pressure, | pressure, 

normal). | vacuum), 


Per cent. 


Per cent. | Per cent. | Per cent. 

24.5 27.0 26. 0 Devs 

|) Sus 77.5 85.5 86. 5 

| 81.0 76. 0 82. 5 90. 0 

| 92.0 91.5 96. 0 97.0 

18. 5 72.5 75.0 74.5 

84. 25 82.5 83.75 63. 5 

86. 75 86. 5 86.5 87.5 
92.75 92.0 92. 25 92. 25 

82.5 Ue 80. 5 73.5 

89.5 91.5 93.5 93. 5 

86. 5 85. 0 85.5 86. 0 

88. 0 84.5 88. 0 85. 0 

1.5 as The) Ls 

80.0 89.75 85. 0 85. 5 

70.0 74. 25 78.5 68. 5 

Pic & 20. 5 27.0 25. 0 

83. 0 73.0 80. 0 68. 5 

94.5 97.5 96. 0 90.5 

72.0 78. 5 7BY 72.0 

43.0 eos: 29.5 29. 0 

35.5 29.5 37.5 34.5 

66. 0 76. 5 COs 71.0 

69. 0 59. 5 67.0 ; 61.5 

78.0 86. 0 86. 5 90.5 

82.5 90. 5 84.5 82.5 

14.5 64. 5 78.5 81.0 

79. 5 78. 0 81.0 Ma 

92.5 92.0 95. 5 96. 5 

97.5 96. 5 97.0 97.5 

84.0 85. 5 87.5 90. 0 

90. 0 89.5 92.5 85. 0 

97.0 92.5 97.0 83. 5 

81.0 75.0 87.5 58. 0 

DA 20.5 18. 5 16.5 

59.0 88. 0 89. 0 95. 0 

73.0 94.0 64. 0 97.0 
54.5 56. 0 62. 75 52. 25 

Ss 33.0 26. 0 33.5 

81.0 85. 0 65. 0 89. 0 

84. 5 92.5 84.0 86. 5 

99. 5 99.0 98. 5 96. 0 

83.5 73.0 84. 0 82.0 

51.0 42.5 59.5 58. 0 

53. 0 41.5 40.5 40.0 

5a 46. 0 63. 0 57.0 


3 percent; 1 percent. 
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The germination of wheat, oats, and barley is lowered noticeably by 
treatment with cyanogen chlorid, and that of Salvia hispanica, 
kaohang, velvet bean, milo, millet, and grass is injuriously affected. 

Based onits action on Ascochyta, Colletotrichum, Fusarium, 
Penicillium, and Sclerotium, cyanogen chlorid shows possibilities of 
being an effective fungicide at a concentration of approximately 3 
per cent, after an exposure of about 2 hours. The resuits of numerous 
experiments with fungi and bacteria on seeds indicate that this gas 
may be used against such organisms. Further work, however, is 
necessary to definitely determine this. 

It having been shown that cyanogen chlorid is as poisonous to 
insects as hydrocyanic acid and also that it might prove useful as a 
fungicide for the treatment of stored products, some experiments 
were conducted to determine its effect on metals, paint, varnish and 
fabrics. 

No effect was visible on the following metals, which, after having 
been cleaned and polished, were exposed to 1 per cent cyanogen 
chlorid for 24 hours in a fumigation box: 


Aluminum. Tron. 
Brass. Steel. 
Copper. Tin. 

Galvanized iron. Zinc. 


Several paints and varnishes were exposed to a 1 per cent concentra- 
tion of cyanogen chlorid for 24 hours in a fumigation box. In making 
these tests, a double coat of the paint or varnish was put on a 2-inch 
strip of pine and allowed to dry thoroughly. The treated strips were 
then fumigated, after which they were examined microscopically for 
change in finish, and also their color was compared with that of the 
corresponding unfumigated coating. No effect was visible in the case 
of the following: 


American blue. Lampblack. 
American vermilion. Lead and oil. 
Burnt sienna. Raw sienna. 
Burnt umber. Red lead. 
Chrome green, medium. Rose pink. 
Chrome yellow, medium. ° Valspar varnish. 
Drop black. ~ Wall finish, white. 
Inside varnish. Yellow ocher. 
CHLOROPICRIN. 


Chloropicrin (C(NO,)Cl,), molecular weight 164.39, has a liquid 
density of 1.654 under its own pressure at 20° C. Its boiling point 
is 112°C. The vapor pressure at 20° C. is 18.9 mm. of mercury: It 
is colorless, very stable, and insoluble in water. It is said to explode 
on rapid heating, but no mention of any such accident is found in 
recent reports. Chloropicrin is a lachrymal and respiratory irritant. 
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Repeated exposure causes increased susceptibility, produces cough, 
nausea, and vomiting, and in large quantity may cause unconscious- 
ness. Secondary effects are bronchitis, asthma, shortening of the 
breath, weak, irregular heart action, and gastritis. Liquid chloro- 
picrin has a corrosive action on the skin, producing the effect of a 
severe burn without blistering. A wound thus made is slow to heal. 

Because of the low vapor pressure of chloropicrin, it was necessary to 
force dry air through it, thereby bringing it to the saturation point, 
in order to obtain a concentration comparable with that of the gases 
already discussed. Although water is not soluble in chloropicrin, 
some moisture collects on the top of the liquid when humid air is 
passed through it, thereby causing variable humidity. The concen- 
tration at saturation is but 1.75 per cent at 20°C. The concentration 
was determined by absorption in a 2 per cent solution of sodium 
peroxid in 50 per cent alcohol. Titration by the method employed > 
with phosgene and cyanogen chlorid was used. 

Concentrations of from 0.5 to 1.75 per cent and exposures of from 
seven minutes to two hours were tried on insects. ; 

The minimum lethal dose, with the minimum time, for chloropicrin, 
as compared with that of hydrocyanic acid, is given in Table 7. 


TABLE 7.—Relative insecticidal action of chloropicrin and hydrocyanic acid. 


Chloropicrin (100 per cent Hydrocyanic acid (100 per cent 


lethal). lethal). 
Insects. 7 
Con- | Time | Tem- | Bele Con- | Time | Tem- peo 
cone ofex- | pera- hai cenit ofex- | pera- hie 
tion. Ligiead | ture, ity. | tion. | posure.} ture. oo 
i v* ws 2 
j | 
P. ct. | Min me. PEL Min ae. 
Ants (Monomorium pharaonis L.)-.-- 10.5 | 7 | 20 At SAE LL ee ee eee eee 9 
Ants (Lasius niger L., Var. america- ' 

MUS RTMOCTY,) oe oe ose oe a ee ee pe ee i ea eae | 0.2 30 25 49 
Ants ( Tetramorium caespitum see ). Sei ae Secs eee (eee el meee oe 32 30 25 | 40 
Aphids (Myzus persicae Sulz.). - 2 5 30 | 21 | 40 | 2 60 24 40 
Bedbugs ( Cimez lectularius L.)-...... 1.0 | 30 | 23 40 | 2.0 | 30 27 40 
Beetles, Colorado potato (Leptino- | | 

farsa decemlineata Say)..-.-..---..--|-.------ Peedi oe oe eee ee! (er ee. 5 15 30 40 
Beetle, Colorado potato, larvze_-_~-= -|RSes tise | hae ee ee eee 5 15 30 40 
Beetles, Flat grain (Laemophiaeus | 

Minusiis Olive) a= 22 Soe a= ee 1.5 15 25 | 40 1.0 60 26 40 
Beetles, Potato fiea ( Epitriz cucume- | | 

Wis Hiarris)\ essen seen ee Hl te | 15 22 40 | 95 7 27 40 
Beetles,Sawtooth grain (Silvanus suri- | 

mamnensis\ Us.) oe so 5 22 en ok sect awa 1.0 39 27 | 40 1.0 30 2s 40 
Borers, Grain (Rhizopertha dominica 

Wa b:) te sce oe eee nee ee age 1.0 30 27 40 1.0 30 30 40 
Flies ( Musca domestica L.)-.-.-------- a 7 | 26 | 40 2.1 7 25 40 
Ty Varve 2 oot sees tet Soe ee eee ae see oe lee ee Beets Sal ee eee zs | 30 25 40 
Fly. White (Aleyrodes vaporariorum | 

Westw occ 2c ose eee eee 15 7 21 40 21 7 30 40 
Mite, Phyllostachys Bamboo ( Tarso-| 

NeMUs FS] 9) peek RE pin de Sad 1.0 7 21 | 40 22 60 24 40 
Roaches (Platiella germanica L.)....-.- 5 60 ea 40 a2 15 25 40 
Spiders, Red ( Tetranychus bimacula- 

ji3 Harvey) -=2-22: 2 eS 5 30 21 40 a2 30 2B 40 
Weevils, Flour (Tribolium ferrugi- | 

FIVE AD x52 25 2 es Oe ee 1.0 60 27 | 40 1.0 30 34 40 
Weevils, Rice ( Calandra oryzae L.).-- 1.0 120 20 40 4.0 120 28 40 


1 Not minimum lethal dose. e 3 
2 Impossible to obtain more insects to secure a definite low concentration and exposure. 
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The results reported in Table 7 show that chloropicrin is more toxic 
than hydrocyanic acid to some insects, especially toward the stored- 
product insects. The mites, however, appear to be more resistant 
to chloropicrin than to hydrocyanic acid. __ 

To check the results obtained by Moore,! weevils, both flour and 
rice (Tribolium ferrugineum Fab., Calandra oryzae 1.) and Plodia 
interpunctella Hbn. larvee were fumigated with chloropicrin at the 
rate of 1 pound per 1,000 cubic feet. In the case of each insect, 50 
individuals were placed in glass cylinders, which were then covered at. 
both ends with gauze and put in the center of a 2-peck sack of oats 
where they were treated for 24 hours. On removal, all the insects 
were apparently dead, and none of them revived during a period of 
several days. 

Germination tests, made on a number of varieties of seeds which 
had been fumigated with saturated chloropicrin gas for various 
periods, gave the result shown in Table 8. 


TABLE 8.— Effect of chloropicrin on seea germination. 


Germination. 


1.75 per cent concentration 


‘ (temperature, 20° C.; rela- 
Kind of seed. tive humidity, 0). 
Check. 
30 60 120 
minutes. | minutes. | minutes. 
Per cent. | Per cent. | Per cent. | Per cent. 
Ailfaliag COmmMmONMe sesecceee ect aces eecasee. RES Seen s Sere iete isis leis 49.0 42.0 35. 0 41.0 
IBanleys; Morlanbaseowsssens coke ceiacic eae cine oe aie sees Seaton 100. 0 99.5 100. 0 100.0 
Carrot Danwersihalilonoeesemercc eee eseerieeeeree cick cee cme. 74. 0 66. 0 88.0 69.0 
Corn, NA Qe fears alanis one ea eSeiae Minas SE ie ce ws steel gi eereicie 99.5 100. 0 99.5 100.0 
Mbp ole ls 1B}. CUE ecodco nee ae eens GOCE SSO SH ae eeCs eaten 94.0 94.5 91.5 93.5 
Muskmelons Bunrellisig emia yee se mise ne cise ieee cceiceiee 64.5 73.0 70.0 64.0 
Onion-PAUstraliangyrowieeesesese sea eee eee eace se eee 54. 0 53.0 40.5 57.5 
iRadishe Ss carletclobess: salen eee ee eee nS Sa Pesce 98.5 94.5 94.5 91.5 
HA DCMNOS Obl meses jace fe cee ee et eee ere Alea 92.0 83.5 92.0 78.0 
IRICC ELON GULAS eee eee ae eee eee seine chee ee ce sem cites ogee 89.5 95. 5 96. 0 96. 0 
Soyabean Blo rie see er 8 tee eee see selec cawekieueciale 75. 0 85. 0 76.5 81.5 
ARTA O LVN Op aya sre nes eee re a ieee eee ie AO oe 66. 0 81.0 92.5 86.0 
Nitieats Cbeicimes ete ere ae a SY ee 97.0 95.5 97.0 97.0 


Apparently chloropicrin stimulates the growth of rice and timothy 
and injures somewhat the seeds of alfalfa and radishes. The rest of 
the seeds showed no marked effects of the treatment. 

The results of a series of experiments on Fusarium, Ascochyta, 
Penicillium, and Colletotrichum indicate that chloropicrin can not be 
used as a fungicide. 


1 Moore, Fumigation with chloropicrin. J. Econ. Entomol., 11 (1918): 357-362. 
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Tn order to determine the corrosive effect of the gas, several metals 
were cleaned and polished and then exposed to chloropicrin in a fumi- 
gation box, with the following results: 


Concentration ol eassee een eee 0.25 per cent. 1 per cent. 
Pint erOhexpOSURC Sasa eae eee 24 hours. 2 hours. 
Mem Peracuneyjwer eae eee ee ee ee PA OY DS On 
Relative humudity.2.°2 52535 3a 30. 30. 
Metal. Action. Action. 

IESTASS aR een athe dra) eat: HAVE aan Mee eae NonvisiblerefieCts-se— - os sae Very slight corrosion. 
PSHE) le PASO AHH i I ce ls aye | Be Ogee age HOE eekane Se Se eae eaten 0. 
AINE TTL eee eee ee te RR eee GO Eee ee er oa ea mee No visible effect. 
CT TAME eS eda steer a Fe Sah a | COSA espe ue ee ae nie eS Do. 
Galvanized 1ronse se eee Very slight corrosion...........- Do. 

FUNDER RP Ze Sie epee my ENE Sa eS INoivisi blelefiect eee asee see aee Do. 
Of) O) OYE) eo ey Aad ee ra re Very slight corrosion...........- Do. 
PANS EY OS Dees reel ai eM RINNE: eRe eet Bae Ree eel Cea (aN ire HR Ue NOE A el aed Bl A Do. 


Double coats of a number of paints and varnishes were applied to 
2-inch strips of pine and allowed to dry thoroughly, after which they 
were exposed to chloropicrin in the same manner as the metals. 
After fumigation, they were examined with a microscope to detect 
any change in finish, and their color was compared with that of an 
untreated sample. When exposed for 24 hours, at a temperature of 
21°C. and arelative humidity of 30, to a gas of 0.25 per cent concentra- 
tion, or for 2 hours at a temperature of 26° C. and a relative humidity 
_ of 30, to a gas of 1 per cent concentration, no effect was visible in the 
case of the following materials: 


American blue. Lead in oil. 
American vermilion. Raw sienna. 
Burnt sienna. Red lead. 
Burnt umber. Rose pink. 

. Chrome green medium. Valspar varnish. 
Drop black. Wall finish white. 
Lampblack. Yellow ocher. 


The action of chloropicrin on fabrics has been determined by Moore. 

Several varieties of cloth of different colors were exposed to 1 
per cent cyanogen chlorid for 24 hours in a fumigation box. The 
effect on the color was noted, as well as any other injury done. No 
tensile strength tests were made, but the samples were tested by 
pulling the treated and the untreated fabrics and comparing the 
results. The color was not visibly affected, nor could any injury be 
_ detected in the following fabrics after treatment: 


Satin, fancy (malachite green). 

Peau de cygne (tobacco brown). 

Pongee (natural color). 

Surah (gray and white shepherd’s plaid). 
Poplin, silk and wool (white). 

Satin, cotton back (midnight blue). 
Flannel (white). 

Velours (dark brown). 

Poplin, all-wool (black). 

Homespun (brown and white). 


Organdie (rose pink, pale green, light 
blue, and orange). 

Sateen (royal purple, 
cardinal red). 

Voile (flesh pink and lavender). 

Gingham (dull gray blue). 

Gingham, chambray (green) 

Linen, sage green. 

Linen, imitation (Alice blue, pink, and 
coral). 


lemon yellow, 


1 Loc. cit. 
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ILLUMINATING GAS. 


The results of a series of experiments with illuminating gas on the 
same varieties of insects as were employed in the tests previously 
discussed, using a concentration of 3 per cent and an exposure for 
two hours, showed that it is not toxic to insects. Consequently no 
detailed data are given. 


CARBON MONOXID. 


Carbon monoxid also proved to be nontoxic to insects at a con- 
centration of 3 per cent and an exposure for two hours. The same 
varieties of insects were used as in the preceding tests. 


SUMMARY. 


The results of the action on insects of all the gases tested, with the 
exception of illuminating gas and carbon monoxid, are given in 
Table 9. 7 
CONCLUSIONS. 


Phosgene is not useful as an insecticide, because of its toxicity 
toward human beings, its high vapor pressure, the difficulty of con- 
trolling it, and its comparatively low toxicity toward insects. Neither 
does it possess any value as a fungicide. 

Arsine has no advantage other than ease of generation, and pos- 
sesses Many disadvantages as an insecticide. Its toxicity toward 
insects is comparatively low, it is injurious to plants, and has no 
effect on fungi. 

Illuminating gas in concentrations up to 3 per cent and for expo- 
sures up to two hours is not toxic to insects. 

Carbon monoxid in concentrations up to 3 per cent and for expo- 
sures of two hours is not toxic to insects. 

Of the gases tested, cyanogen chlorid and chloropicrin give promise 
of being useful for fumigation purposes. Neither of these, however, 
can be used in greenhouse fumigation, because of their injurious 
action on plants. Nevertheless they probably can be used im the 
fumigation of stored products. 

The efficiency of chloropicrin as an insecticide is undoubted. In 
general, it is More poisonous to stored-product insects than hydro- 
eyanic acid. Other advantages which it possesses are ease of handling 
and control, low toxicity toward human beings, ease oi detection, and 
noninflammability. Its disadvantages are its adherent quality, which 
makes it necessary to air the material for some time after it has been 
fumigated, its corrosive action on metals, its severe lachrymal effect, 
and its low volatility. The last objection may be partially overcome 
by pouring the dose required on paper, thereby increasing the evap- 
orating surface. 
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As an insecticide, the effect of cyanogen chlorid is practically the 
same as that of hydrocyanic acid. Its disadvantages are its injurious 
effect on plant life, low boiling point, slightly corrosive action on 
metals, and severe lachrymosal effect. Its advantages are that it is 
active as a fumigant, is easily detected, is not mjurious to seeds in 
doses which are toxic to insects and fungi, and is no more toxic 
toward human beings than hydrocyanie acid. It is safer to use than 
hydrocyanic acid, because it can be detected in lower concentrations.’ 

More experiments on the fungicidal aspect are necessary to work out 
in greater detail the methods of its use. Since it is a dry gas and 
does not injure the seeds, its use would offer a decided advantage 
over the present method of treatment for fungi, whereby the seeds 
are moistened, which sometimes causes germination before it is 
desired. 
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